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Abstract of JP20021 92368 
PROBLEM TO BE SOLVED: To provide a 
laser beam machining method capable of 
cutting a machining object, without developing 
a crack, deviating from a predetermined line 
for welding or cutting on the surface of the 
machining object, and accurately. SOLUTION: 
Inside the machining object 1, a reforming 
area is formed by radiating a pulse laser beam 
L onto the predetermined line 5 for cutting, 
under the condition of causing multiple photon 
absorbtion, and making a condensing point P 
agree with the inside of the machining object 
1. By splitting the machining object 1 along the 
predetermined line 5 for cutting making the 
reforming area the starting point, the 
machining object 1 can be cut with a 
comparatively small force. Since in the 
irradiation of the laser beam L, the pulse laser 
beam L is hardly absorbed on the surface 3 of 
the machining object 1, the surface 3 is not 
melted, caused by the formation of the 
reforming area. By adjusting the repetitive 
frequency of the pulse laser beam L or relative 
moving velocity of the condensing point P of 
the pulse laser beam L, the pitch of a 
reforming spot is controlled. 
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m staro* # s a> a * ics-^tx-c we u— tf at^t> tb 
toeu— tF3tai^&ai«**ifc/<;ux l — - ftftom^ 

<Otf— ■ £7/<r?-SffiA<1 x 1 o» (W/cm2) Bl±l=fc*J: 

WEJtoX*ffc«aa>«I»rP5E7 -f >l=»oT/<JUX U— 9 s 
WErtSBKStftjS^^btS-C 1 /^UXOVOUX U— f jt 

WErt»l=**ja*^*3l**o«rE«]W*S7 -f 

o r Sfittttf =l*tt * t*T\ 4Mb \°;ux ©/ <;ux 

U— tf A* mlE*PX»tL^ilzBB5t-rs z i: let y , (JE 20 

itEA* a?*ifc«sfta©** * i=»-ji*t» y * 5 me 

%MX7K<y hma>EK£31IM-«EIKailF^R£:. 

«5E*ft^si= <»: y at* *4xfc/ <;i/x u— *f%o>m% «s 

^iJOX^^rortSPlc^-tt^^Si: „ 
ttlEllDX^feKDtOBr^^^'rX-jti-o-C/N^X U— »f 

gg<0*#£(DA;fclcS^TWE*£IHM£l3£.5A;U 

40 

MErtSBI^atjtjS^^-arr 1 /\\)UX<D/\\»UX U— tf* 
£ BdESnx^SHaicfiglfr -5 c £ 1= J: y , msnflii: 1 
-oO>3tStX;K-;/ hA<Bj££;h., 
«TEn»l=ai*jS**#3-fr^-3llIE«IWT3E^-f 

ix— yjiitswiEttxwanwziMj-riztiz^y. we 

«W*S7«<>l=»-3-CltErt«l=«l*©l!trE3UlX* 
SJEA* * f=*-3l*Tl* y * 3WE* 



L — 1f»PXg® 0 
jasftaa>*£*©A*l::S-3lvcWE U— tf3t35A^6UJ 

st a? tt-5/\°;ux i>—*f±o>m y >s Lj§jfcaa>*# £ * is 
WE u— »f Jtas^ e. mat **ifc/<;ux u— if *roat3fej§ 

OTtf— &£*<1 x 1 o» (W/cm2) jy±(-nt-5ct 

tlni«t1lw>«»i:«j***«fc. 
WEtoxat&iiarotfiBrF^'r >i=»ot/^ux u— <f 

WErt«l-St3(£j5££*>-t*T 1 v^uxro/^ux u— tfifc 
^fJEJraxJt^izggit-r^ziricfey. |WErt«W=l 
-30)3feHX7K-v h#J&fi££*v 

WEWWciRftj&^frli-^oWEffltSrP^ -f >I=5B 
o r * *g*twic*£l!i *tt, ttft/ <;ux 05/^ux 
u— if **fiEiiixstai*r=iB»f « - «t i- j; y , hje 

«J» : ?S J 5-l'>l=jttoXffirErtai5l=«»«>«rE3feKXJt< 
WE A* S M-M ifilSO A# $«ti!g(DA#$t l=*-3 

^x«y^a«irE3tsx7t<.v hF B i©s§SE^;n^-r^ffiiii 
ttrEEtt9iit¥ai= <fc y 9t***i.fcffiii**«-*-*E» 

[IS*«4] OTEU— •fttx««l=*y»fifc*4i*«r 
£aix*'y KD*a5*T»E11LTl»4*aE11*« 

«IE^*Eti¥«l=E« **tfc^-a t KTEEMXff^a 
1= * y Zht-HeMk lzS•^L^T . urEUR^X 7 -f 
>lcjttoTJBJ?E$*L*1Sa<0SiJE*HX^'y hfl)iii«^ 
#fiEt-.5iii«ftBE#e<!:. 

«TEIH«ft**«l=J: y^fiE**tfcH*t«S-r*B* 

$fiS^.S, ~3<0L»-r*t^l=E*©U— tflJDX 
KB. 

CIS^^ 5 ] /\°;ux*g*< i w sWT«/^UX U— if * 

tanrrsu— • ftft^t. 

ste u— tf 3tM*^ e. tust * *lS/^ux \s—*ft)to>m y is 
me u— y=jtaiA'> astt *^fc/^ux u— if *©at*js 

roe— S5Jg*<1 x i Q8 (W/cm2) JJl±lc^^J: 
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5 lz/\';ux u-if3fc$^^r-5^^¥S<t , 

f5farta5ic«jt J s^-&^^-ostiiae]ar : ?s : 7'i' 10 

U— tFft£ mrlE*lxS*ft«alzSg|*-r -5 - £: 1= «fc <J , ME 
SUBrFS^-f >f=»oTliirErtfflf::tt»©liirE3lKX;K 

oVC, »y*5tfrE*HX#ry Mfe1fl>S§8&£c©*# 

mEflttstmff^Ri*. itrEJBafi«a**ai=*y*ji: 20 

£;KfcJS * £ 3Ec4 «fc 5 l=IME U— tf*::!*'' t> 
MTTft. U— WniS«. 

MESa?a;TtSi:#Si-«ty;1S***tfcS 

JS 5 Eft© U-lfllllgi. 
[§I*«7] y^X«A<1 //sKTFdO/^UXU— tf3tt 

0>tz— x 1 08 (W/cm2) KlJblCJEfSJ: 30 

mtmx^mz* y g^t^fc/^ux u— *3to>m!tt& 

■oTmnt&&m*nfi\zi$W)Zi*T. ^afe/<;uxo)/^ux 
is-?%zm&ito^ttn.mzvBM-$-%z\£\z&i). bjje 

tDK^C?* VI-iftoTlffiErt^l^SIUBliaE&HX^ 

Bfy^dHirE&ftxtf-v Kraros§StO)*^$a5A^l-« 
KSy^5ME*Mx^^ t-ffiommz^o** 
*lc-T-Sfcttlc, fJE^ii^lfelc.fc^/^uxu— tf3t© 



«trEi£SSSSI^SI±. 8irEiSS3Sff^SI=J: y;Hg[*tL 

[»*5i8] l5EiIg>H^Slc<fey3l«*^fcffi*f 

Slsftjg 7 E&a> u— tf JnxSS. 
[Ii*3l9] A;ux«SA<i ^sJUT©yN°;uxu— tfjfc 
£ttilt-r-5>U-+f*3S<t, 

ffiE l<— tf jits** e. tiitt 2 *t-5 / <jux u— throat y £ 

ffTEU— tfit3i^f>aj^*+ufc/^ux u— tfjtcD*Jte^. 
<Dtf— ^z^?— ^Jg?!><1 x 1 08 (W/cm2) Jsl±lZJEci><t 

HuEJgft^fSCiJ: y *jfe*Hfc/^X U— tf JfcCDJUifcjSi 
£flOXa#^rort8Bfz£;b1*S#|S:±: * 

fiE*nxs=f^a)«]Bf : ?S7'r >i=;^ot/^ux u— 9= 
f9E^i»¥Klc«tS/^UX U— *f%o>m%&<J>fttt$m> 

mTErtS5l-m^-#£^^1±T 1 /^UX(D/<;UX U— 
^fiJEJQX^^lzglSt-r S c t \z ck y , fltlEWSBlz 1 
-^<D3tftX^-v 

B!rErtaJI-**^£^t)ii-A^BtFE^ii : ?S7'f >lc;ft 
oT**j&**»A«ll=»M3l*T. «3Sa/^UXOT/^UX 
U— tf**«IE3IIiX»ft1fcl=H«rr4wi:l=J:y. flE 
Wif^^7^>lc;ftoTBuErtgi5l^3Sa>HuE*MXy-K 

Bfy^5I!JE»mX7K-> »-P B 1©S§g|(D^#*a)A*lc« 

-3i^t. »y^5fiEafeSx*«y hwa>sg||£ca)^# 
*ic-r-5>fctoic, ijeu— tfjtsA^mst^^-s/^ux 

\s—*f1t<»m y SLM»M#* irStlE^Kl^Slz,!: 

t. as i>/^ux u— tfjtrogg y jg ls^i!s©^# 

HFEiSSffiSli^Kli. SJEfflif ^^-a-Sl^aicJ: y ;H 
S ^ *tfcffi>sf M^®)iiJ£a>* * i: ft -S <fc 5 IZBtjE^lb 

^#s£H0-rs, u— tfjjpx^Ho 

1 o] «9E«^-^*>-l*3iS:^SI=J: y SSff* 

So 

[18**11] «rE«KTJE5-f >l=»oT«rEJ0X 
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TOESiJlffittte* »E«»:8l^>7 £ Lfc 
ivf*!**— ocdln-T^MzE® 

[O O O 1 ] 10 
[O O O 2] 

affi}&^«ffiuraitT»»»sii*«fTS*r»x»*i* 20 
*«wr-r*. la*u c<7)*a-ei*jnx»**a>affia> 

3*«Bf-r*«Hfi:«:*«*JBiflt*lH**L*. 

T. »X»fc*rt«¥»(*"ix/\<DJi*. 4iSi*^x/\a> 

[0 0 0 3] 

MfclS-it* 4»atLt, «iLtf. Si2000-2 1 

9 5 2 8«4>4B*>ttM2 0 0 0-1 54 6 7«&«R|Z|R 

fflWr^-ett. *nx»ft*o>«iBf-r4fiBf*^---tPAfc 
«fcyap»L. *LTinx»a**^a-r*cifc«fcy % 
inx»ftiiia)«K^4tt»fc»«*t±i:s-frrlPx» 

[0 0 0 4] C*L€>O^«0)«JW^a-ef*. Al 

x»jft«ilz*i:4»MB*^*#L^ % iiQXfctfifeoS® 

&z,ta<-e#fci*o ^fz. mx»ai*BA<*ii(t^x/\. 40 
i«itLfc#7xs«©«$, ca>^*astt«4ir=i*y 

[0 0 0 5] *«M0)BMr±. ftJX»fttt(D«®lz^:i& 
■tt«Wi*«**-&«cttt<*o*a)M4<»lllL<i: 

[0006] 50 



—If*** £ U— if*<D$£ y £ LJ^;& 

»a>*#**n*"r*«sft«ni»*H:t. u— ***** 

&di»**Lfc/^x **<D**jS<Dtf--£/*'7— S5 
g*<1 x 1 08 (W/cm2) ia-tf=«:*cfc5lC/<JUXU— if 
*£Ji*lT£gl*#IS:<t. Jfc**«lz,fcyj|t*S;hfc/< 

;ux u— if ft©****iDx»ft«aa>rt»iz**?-fr-&¥" 
Jox»*»o>«iBf*S^-f >i=»o-c/<;uxu— 

if*0>lllftjflS«»Wlz»»*-a:&WBl^«t. £<S 

ttX»*tttDrtfflfz**jS*^*>i±T 1 /^UX0)/< 
;ux u-iffttlnx»»ifcfc!H»-r*-i:fz«fcyinx» 
#l#)<Z>l*a*lz 1 o^^MXtK^ h*<fl3ja**u MlXJtgt 
*0)rt«BlzJl*jftt#*>i±^o«lBf*3e^-< 

**nox»*«ircii»-r«ci:izcky. «ik*S7^> 

fC»oT»X»*«Bfl!>rt»IC««a)ailX*v h*<J&Jt£ 

**u A***tfcjisSfta>***iz»^Ti«y*a* 

[0007] **Wfz«4u— ifJraxfiiaiCcfctLtf. An 
X»ft*0>rt»lz**ja**t5l±TU'-iffttll»L^ 

ifiPX««|zJ:*Lfi. »Jlffi«£fijSi: LT«JK 

TE5^>iz»oTlnx»ft*3fl(nHtt*ciic«ky % an 
xaa«B$«Bf-r«ctA<-e#4o £^T. it«M/hS 
ft*^*lX*rft«i*«IBf-r-6Zi:A<-e*-6<Z>Tf. iDXfct 

*ft*#4Cfcft<Jnx»ft*©«K6«Rril6i:ft«. 

«K*JE5^ >f**x»**fl!>aiB^rt«rz*W=?l3^ 

[ooos] *a&fflfz«4u— if»x««iccfc*t 
tf, jtaxa*tt<Drt«fcS»fMfz**T-iRJtt****-H: 

[0 0 0 9] *fc. **Sfl#l::«fc*itf. ^JUb- if* 

(Dmft&vftttto&mmmtf-m&m&s /*;uxu—* 
u-if*T*^i$^ti^>^Mai^ (skxtk-v h^L*a) 

ofco i^f3. /^uxu— if*<DayigL«a»**#< 



(5) 



♦#112002-192368 



■r t z floeni^ £ < <c & cfc 5 i * * c <t 
^ot: 0 arte. 3MMB»w*c:a>E«*By*3aMtx 

[001 o] cfco-c. /<;uxu— *fA<Di»yiSLH-»a 
***<xr*/h*<**B**fr9cfci=*y % *yft 

a*»**f=jti:Tca>Ej||**x«ctiCcfcy % *dx 

^-r >i=»orttx»at*a>n«i=a«a>aKx#^ k 
a< j& j$ * n & z t \z * y %Kfi«^as * tt * o 
[ooi i] *fc % *»w=«*u— ifJtoxgai^ck+i 
ff. A*a?4ifc«aa<D***f=*-5L^-c»y*5aji 
x#y hma>EB*9U(u 3i»*tLfcE)i***Lx 

ifaxroi=«y*5ttjix#«y nina)ffi«*»*c:t^ 

[0 0 1 2] *^H^|Z^^>U-ifiDXgSf±. /<JUX*I 
ttfcf— -fr/*?— S&lttfl x i 08 (W/cm2) ia±l3^^>^ 

^y*3tsnyc/<;ux u— s»x»jfc«Ba> 
nff-r«aanff^s^. »x»**©rt»iz 

^3fc^£^i±T i /\ Q juxa>/<;ux u— tf3teS3tax»* 
MXtK^v h#fl2J&2*u toX»*tt®Affif::ft%ja££- 

s-e-c* aa/^uxo/^ux u— »f **»px*nt«ifcgB 
»-r4ztiCcfcy. «ow*fi^-r>f=»o-cinx»at«i 
a>w«iH=tt»<D**x7K^ A***Lfca 
ga>*#$ics«^^TWy^5*sx^^ hr B i05§gt£ 
0tjt-r*ffiiia«*«t. E«j»«*«i=«fcya(»**L 

fcE«**3F*SE«*3F*«i:. 
[0 0 13] **«*lcj:*itf. /<wu- tf#<D«y 

»M»»3Sff*/h*<-r*t. «y*5«*x*->na 
*oiii*jiia)«»»»«iaflit*#<-rfti:i»y*5git 

< xr*/h* < -*-«Btt**T3 c <t i= * 
y. By*5a»x#v \-ma>mm^mmx^^ 0 
x\ apx»ai»(Das^«s»iwj6i:Tz<7)ffi«isaE^ 
^n^fZcfcy, »x»*fcf=fcLfcWKttx*<™fctt 



/\°;ux u— !ffta)ftdfcd«ll£LTaxMftift«iMtd 
[ooi 4] *fc, *jmbic«*u— fflnxs«fz<k*i 

*• <koT. U-1fADX^SfzA^^^fciISC7)^#* 

«. 

[ooi 5] **IBfc«*u— tfftjxjsaii. /<JUX« 

»**l4/<;ux u— tf y £ LJ^&a<7>;*:£ * £H 
;uxu— *fft0)mft£L(D\i— t/Sv— SgA<i x i 08 

(w/cm2) ci±ica*«k5i=/<^xu— vft^mttttz 
20 *#*M=*y**Sftfc/*;uxu—- Wt 
a>»*jas»x»**a>rtttfz$t>-&**«i:. aax*r 

ic»^^T»»^aiz«fcs/^ux u— tPftom^jSfloffi 

jtaxaatta>rtfflfz*3fcja*'&t)i±-c i /<;uxa>/< 
;ux.u— if3)lttliix»*»f=!M*-r*zfcl=J:y. ipx 
*ratto>rtfflici oa>anx/B^ h3W»«**i, ^dx^ 

30 T**jfiLt«»MI=»«l*1±T. tt»/^X0)/^UXU 
— tf***PX»ft4lBfzlH»-r4Zi:lc < »:y % «*f*S^ 

-<>f=»oriox»*»a>rt«fza»a)ajix#^ h*< 
Aaj**tfc»a»a>***^i*jKa>*#*t 
f=»^x»y*5*iix#^ hma>En«xjE < r«E 

[OO 1 6] **Wf=«*U— lflOX«tlZj:*ll< % 
;ux U— y ig LH«»0)*# S&tf y <jux u— 

40 *cii=*y % My#3adcx7K^ hna>EB««*-e 

ift*. **Mf=«SU— *fiPXSEtlfcJ:*ttf % 

u— ifjpx«n=By*53aix#v HBo>E«i*tt«c: 

[00 17] Z*l60>U— tfJDXjga^fcL^T. U— tf 

ipx»afc«*:y^figs*i,4aKX7K'> ha>*at*»B 

^■}£ t EEXff = ck y >H# * *LfcEB i: izm^ 
50 X. «Br»3E^-r^l3»oT»***i*««0>*ltX# 
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4£5lz-f4Z£j&<T-#4o Z*uz«fc*ifd: % ff2j£2*l4 

«»©*itx#*K o*y**«*izoivcu-i«n 
[0018] **?arz«* tfinxaBi*. /^ux« 

& m » * *ifc / < jux u-if ttta>m% i o 

r ?— ggj£A<1 x 1 o» (W/cm2) JU±lz#4J:5l::/<0u;* 

<t)/^ux u-if ft*anx*ra«ifc8gsfr 4 z t iz<fc y . 

*nxaft«i©rt«ici oroaix*^ HMfcJ3£S*u in 
x»**ortffllz*3(tjSS#*5i±A^«|IB^S^-f >(- 
»oT*»]BSttSMfz«nSl±T. «»/^UX(B/^U 20 

>i=»oriDx«*!fta)rtffliz«!aa)BfeRx*^ 

Xly— 1fftOl»y5BLHa»<7)*#**atJt^*Hi6« 

y 3t«**ifcfflift»a)*:# * £ fc« J: 5 1= U— +f*B* 
&tt»4*L*/<JUX u— If *<7»fc£ y S LJ^&gfc<D;*:£ £ 

*n»r*. zt 30 
[0019] «*nrc«« u-if inx»Bi::,fc*ui* 

■c. ms5S»x#^ hMa>ffi«£zo;*#sr::-r4 

yxLM&fta>****9iiELTL*4. j§&£fciTO#f£ 
m »«* c * y at* s *w- ji # s t * 
4£ 5 1= t> ffll* **i4/<;ux \s—*f%a>Wk 

yxLnttfta>**d*a*LTi*«. j=ot. Rgy# 
3a*x#* nma>e«t6Hfaa>**aFr="r«ct3W-e 

#4 e 40 

[0020] **«rc«*u— WnxttHizfiHT, JS 

a«*jr#s:i3j:y*«snfcBa»<D******t- 

A^fz^-5iNTU-if*DX^M^Si^^l±^li#. L/- 

+fjQX HU fzffl £3& * *P 4 Z <t *<T* * 4 o 

[0021] L/-^DJgili, /<;ux<B 

*<1 /iSJ51T0)/^UXU— 1fftSffi»-T*U— ifitS 

U— ^*3B3&^ffl»*^fc/^uxu— ifA<D**jg 
<&tf— ffifttfl x 1 08 (W/cm2) ia±|::£:4«fc 50 



*y»*S*Lfc/<ju* u-ifaifea)«*j«*Jnx»atiiBa) 
^ot/^ux u— «f«a>«%jA««Mnicmb«««« 

jDX»jfe«i(Drtffl^Slftji5S*t>-frr 1 /<JUX0)y^ 
;wu-**tlDi>Jtii:lHtt4 ziizj;y % aax 

— if*tinx»jMii=ii»-r4ztizj:y % WBrPS^ 
^>fc»orinx»*ifca>rt»fztt*©ajtx?K^ hA< 

^icSolxt. my*?***** hlfl(DEllt€za>:*: 

a*n«*«f±asai***icj:y3i»* 

*Lfc»»»»«ia*eo*# * £ fc4 £ 5 lz*«i#Slz«fc 
4 A;ux u-if %<0ft%£affitttt«ttaK<D*» * * 

[0 0 2 2] *«Wfz««U— tFmx*«|zJ:*ttf. « 

t, myft3ttitx#? nmo>B«i*za)*#*r=-r* 

«C* cfc 5 lc»M#«fz J:*/^ux U-if Aa>»*jS0>ffi 

»»»»a§Eo>*#*tn«rLTL^«. ctoT. ^y^ 

5*MX/tC^ HW©EIBSBraa>***lz-r«zfc3Wc 
[0023] *aB?8iz«4u— ifiinx»aizfcL>r. a 

a^-r4a«a^#at«ic.«j:5f3-r*zfc3^-e# 

#*OA*fcSo*L>TU-+f*nx^M^i!)^^i±4ii 

u— tfjpxmrizssMWiiiaKSttiztj^-e* 

[0 0 2 4] *^B^(z^4U-if*DXSS[i. /<JUX*B 

7b<i //sjaTto/^ux^— if**ai»-r4u— if3taa 
u— if*a3&^&ai»**L4/<juxu— -tf*a>«yiB 

*«3^6U«ts*Lfc/<jux u— tf3ta>**jsa>e— 

^— fflSA<1 x 1 08 (W/cm2) JU±fZ/j:4^5rcy^UX 

4ifc/<;ux u— *f*a>«*ja[t *px»**o>i*i«fz**) 

1±4*a^. tPX»*HBfl!)«IBr*S5-r>lz»oT/<JU 
XU-1f*0)JI3ttjft*tt»MI=»»*1±*#«l*«t, 

^ift^arz j: 4/ \°;ux u— if3tea>«*jS©«»w»»a 
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ftttOI*ffll::H3fcjS£*3b1*T 1 /^UX<D/\°JUX U-+F 
X»jfc«Bfc|B«rt-*Cli:lzJ:y. ««iTS7-f >l:»o 

ay*?***** Kn©eaa>*#*«>A*i::*-3i* 
r. ay*?****? hmo>Eiicca)A*«i=^-« 

*#*>*a»*lB:ic j: y a***LfcB*fta>*# * t ft 

yfiLffla»a)**s*HaBL. ajSB»#ai±M^$ 
fe**»^«rc«fcyai«**Lfc«»w*na*a>*** 
t ft <s £ 5 iz&uj^isic cfc *>a;ux is-*f%o>m%&<» 

[0 0 2 5] OTnxSBlz,fc*itf* BS 

a„yft5ttKx*? mia>Elt*ca>***i=-r* 
fc*r=, /<;uxu— if*a>iiyiKLjBa»a)*#*fc/< 
jux u-i«fe©«#jS<Dtt»tt»MaB©** * t a>*l 
^f$;lILTUS 0 B&ftflffi^a&tf&lSBfif 

L^~+f^^y3lL^S»(7)^#^S^\ c ;UXU-if^ 

[oo2 6] **^izfli*u— trmxssiBicfcL^-c, a 
^*5i*3t *^arc y ititaau©** * & 

?i=:'r«;i ^*ii=*#itf. Bsy^astitx 

[0027] ±Ea>-T'<r(D*«flHf=««u— +f2rax2£ 
■i=j=y. fflK^s^-f >icjftoTjpxajktt(Drtfflrc 
a»a>*Bx#^ :tibO 

MX#*M=*y***«#«**t*. ttKtttttt 
JDX»»1*(Drtffl|zfcL\T^^^^35<**Lfc««-efc 
«9 7 74tttt, JPX»ft»a>rt»=fiL^T*llMB31L 

fc««T?*«*»aaiH*atfinx»ftiiia)rt«izj3L^ 

[oo2 8] ±Ea>-r^<T(D*agMic«-&u— »faxas 
■r=**iii, ay*3tt«x#* hnaEBtture* 



*Lfcyw«Mic»«Lfcy*-*ct35<-e*4. axa 
* 0 M«tt«Kttni=]i»jiK'r«J:. *k««3^«ik^ 

[0 0 2 9] 

[jeaaattaaai jut. **aa>ttattJi&KBi= 

10 jtax^Mf*. »**»*fc«fcy*K1i«t»*LT^ 

[0 0 3 0] ttfla>«MR0>/<> K^v^EoJ: y 
T\ »»lziRJtt3&<±i:4*frf±hv>E6-efc-6. LA> 
-T^)i:nhi/>EQCO^# (n=2, 3, 4, • • • T*fe 

ioe-^/W-M cw/cm2) -ea*y. «x.r*tr— 

Mtfl x 1 OS (W/cm2) ttiflDjfcfr-e**^ 

«jr*<±i;«. (**jai=feit« 

tf#<Dl /<;uxSfcya>x*jU*— ) -=- (u— «f# 
(W/cm2) 

[0031] zojz^ft^ft^dRiRSspJffl-r**!!^ 

ffifwfll* U— tFJtaX0)iS31fZO^TBI 1 ~H 6 £JEl*T 

30 mwtZ> a H 1 l±U-ifUnx+0)»ix»*«i 1 

Tffcy. B2IM1 «c^-r/rax»jR«| 1 CDII-Il»fc;a 
ofciBBT?*^ H3l±u— tFlinx8ta)lipx*fit«Bi 

o^pffiHx&y. H4f±@3iz*-ranxs*gtai <div- 
i v«ir»ofc»ffiH-e* y . H 5 i±h 3 iz^-ranx*fti 
ai4>v-vai=»ofcKBB-efcy. E6ii«ji@f^4xfc 

[OO 3 2] 1115.1/112(3^^5(3. J!jax^m^1 
<0a®3(z(^ir^^^^>5^)<fe^ o ^IBr^S^^V 

40 -+faax(* % ^*^i!ftj|R3&^i:4ftft-e3!inx»ft*ia> 

»Lt*WW7»*t ftfc\ »*jflfcttlx— *f 
*LA<** L tc ffiBr© ^ X & 4 o 
[0 0 3 3] U— IfifeLSfflBr^S^-f >5lC»oT 

fcr=*y. ■*aP«DiM9-f>5(:»oti«S 
3b<«Bfr^S^^>5fz;ftoTjDX»tltt1 (DrtfflfCG)^ 

^jssh^o **a»ai=««u— yinx^af*. *px 
so 1 j&< u— qftux-r 4 c<t(zcfcy mx»*«B 
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1 s*l»*-frraK««7*»jS-r*a)-e(i<cL^ }jpx 

[0 0 3 4] MXSftttl (Dfflftfzfcivc* WBf-T*« 

mi=SiStf&4*:ttx»*fci tt«a>ed»6«tL«a) 
"C„ ^6iz^-rj:5i=ltgcM/i>^/d:^iT*j]ax^m^i * 
aitict^-e**. cfcor. *nxs*»tti oaffi3 io 
f=^jftKtt«|3h.tll±*-&« z fc tt < ijpx^m^ 1 a>« 

[0 0 3 5] &fc\ ajt«*Sfijat Lfc»X»*«B0> 

fML *DX*r««BfzAA»«t*3&<H]JPa?*i4ci:rzJ: 
a*«**jBjfti:LTllPXaft«B36«»*L. J]PX*f#i 

*nMMrS*L4»*-cfc4. c^ifi. «ittfinx»att 
TJDx»ft*i=ftifjs**^wjsastt3Lfcy, aqx 20 

tlz&i). 3tjm«SjEjfltLTanx»jfc»©KB»fil 
•#«KS*tft**-efc4. c*u* % BxfcHnxttfttt 
tt-efcy* *DxM*tea>^A<*#i>a#s »**fiH= 

*<-e#4<7>T% <t-4^£tf-c&4 0 ifi 

«fiir=*4a>T?, c^7>cfca^i:^J^lPtt(7)c^:L^SlJKT*;^^i^ 

[0 0 3 6] *llffi^HI^CfeL^T^3tTqRilX^cJ; 

y»a**t4aitiw*fcLx, *a> (0 ~ o> 
(i) *B**#-oxtt«»«>*9****fc$9* 

*«*0>»* 40 

if * *»X*tfttt (« IS X-£L i Ta03 ^ 6 4 
EEBttfM afttfl=«jfcd**trt*T» j|l»dl=i3lt4 
»JKW£*<1 x i o» (W/cm2) JU±T^oAjUXitS# 1 
/isJslT<Dft#Tfffl»-r4o za>/<jUX*Ba>:*#£te % 

^*^»«*^i:*-fro-Diipx»jfc*affiiz*H-a:y^ 

— JPX»fttt<Drtfflf=fl!)^^^^^<B« 

t»*-e*4ft#-c*4. ctucfcy, irax*t*tt<Drt 
4o yinx»ft*a>rt«fc»u-r* 

A<Bfi**L. CftlzJ:yinx»MBa>i*j«l=$9*$« 50 



x i 012 (W/cm2) T*&4o /<;UXtBf4fill7LlS 1 ns~ 2 
OOns#»*Ll\, fcfc, 42 9* 

Hta>ff2j£ii. *4 5Bu— if»jtoxwjE<fcBX: 

I (1 998^. 12^) (Dm 2 31-^2 8lO l"H 

i* u— «f -KBaic cfc 4 * >ifj 

fCfSm^tLTL>4o 

[0 0 3 7] **B#tt, BJHfejKi:2 9?0a>**£ 
fca>B«*M*ic«fcy3fc*>fc. MtftfMtktfa)!^ 
&4o 

(A) ftlXW** : /W U7^7X «X 
(1^7 OOP) 

(B) U-if 

3fe3S : *»i»U— lfBjENd:YAGU-1f 
afcfi : 1 O 6 4 nm 

if#Xtf * hBr®l§ : 3. 1 4 x 1 0-8 cm2 

mmr*m = ox>r ^fA%x 

ByiELBittlk : 1 O OkHz 
/*;uxi|jg : 3 Ons 
ft* : ffl*< 1mJ//*JUX 
L/— Wn a ni : TEMoo 

B*«tt : iMMra 

(C) »ftfflU>X 

U— tF3fe»*l^*r-r42i«* : 6 0/\°— fe> h 

(D) ttxttflM*SBd*L4BB*a>MtiUE : 1 o 
0mm/fj> 

U-1f*BBA«TEIIoo fcl*. U— if 

*a>**SB*-cm#^B***-r4. 
[oo3 8] H7f±±El8Ba>«**^-r^9^-efc 

u— if«aa>-e«*ai*i±e— ^^^-e«-c*aF*t 

4o «ttf±1/<JUX(DU— if3felw«fey»X»*«B0)rtffl 

££^LTl>4 0 *5^^X*v htf«*y^9'V*« 
*ift4. h(D*#*r±. 

^ ha)^tta>5***o)«a?i:ft4ffl»(D***r& 

4o if^^tOWCwtf-^ttlMUVX (C) 

a>e$^ioo(g, p^ngfe (NA) tfo. soa>a^-e& 

(C) (^fS$A<5 0fg, Baft (NA) *<0. 5 5<D*I£- 
T*fe4o fcf— 2/*r7-*fiEA<l o" (W/cm2) 8S*& 
aPX»ft«B0)rtfiPlz^9!y^X*^ hft<££U fcf— £ 
^fzttl^^^X** ht** 

[0039] *B«»«i::«4u— ifttxizfci* 
t s ^^'v^«*^a^«fc4aix»at«i<D«iwa>y *- 

XAlcoL^B8-Hi 1 £ffll*-CK8Ti"4o H8fz^ 
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1 1 Ic** «fc 5 diraxfcffttt 1 tfmtiZ Ztlz± y j px 
»»«B136««I»**L6. &X»fttta>SB£XBSlcl(IS 

[0 0 4 0] (2) M«*4<*HaMi*a>** 

&SA<1 x 1 0» (W/cm2) lil±X*^0/N 0 jUX*l7!)<1 */s 

iaT©»freiMrt-«. ^*trzj:yapxs*fttt(DrtfiBi± 
yax»attt(Drtfflfz*»iaa««36<©riE**L*o &m 

*ifatf»bLfc«*£l*3z£t,-c#*. *fc % JMM 20 
X . fc-6«3£A<»J(D«3ftlc^b LfcfBSit 5 c <h fC 
JbLfcfML *£Btt£fr&£BXW&lzX<bLfe« 

ar=»bLfc««*«i»-r«. aixMMfctf^y =i>» 

1 x 1 012 (W/cm2) T'fc^o /^UX«tt«K.tf 1 ns~ 

2 0 OnsA<H£LL* 0 30 

[0041] i/'jii>^iAa)rtSt-iS» 
*ftf**#a>ay-efc4. 

[0 0 4 2] (A) JPXfcHMfc: («* 

3 5 0/im. n^4>r>^) 
(B) b— 

*3B : *SW*b— tfBfiNd:YAGU— 9 s 
ilSfi: : 1 0 6 4 nm 

b— tf*X#y KKBB: 3. 14x10"8cm2 

%mmm : GX-< ^^/<;UX 40 

liySLBBK : 1 0 OkHz 

: 3 Ons 
tbS^D : 2 0 /i J//^UX 
l^-^p D pi : TEMoo 

(c) mftmis>x 

IS* : 5 OfS 
NA : O . 5 5 

(D) jtaXttBtt*<RR3fe&ttB£0»RiSft : 1 O 50 



Omm/|3> 

19 1 2 fi±e*f*T?a> u— tF taxied y ««f *#tfcS/ y 
4 0 i/'j3^i/M i anasic&BffiSffitt 1 3^ 

[oo43] sBffiSfiv i 3 1^**™*!=* y JfcJ£ 

'Ja>Sffi(Dl^t^5 0^m, lOOp, 200/im, 
500/im, 1 0 0 0 (imO>#*l::oivC-tKHflfc**L 

[0 0 4 4] 0tj*_l£ % Nd:YAGb— -tF<D2fcft-e&* 1 0 6 
4nmfz*5l*-C* v 'J 3 >«S<Z)J»^3&< 5 O O umtXTO) 

*>U=i>S«a>I^«P"CttU— if3t*<8 o%ia±3l 
M-r^C<t*<^^ 0 gi 2f:^tv'J=i>0xAi 1 
a>«Sf*3 5 Otfnrr?fc5<7>T?. *»^iftJlRIZcfc-58B 

H*2 0 0^ma>i/ | j3>0x/\S##|z-r-5<hs 90 

ffijRS+L4ofiffi^T*fey, istA/if3^aa-<-«. 

(o*y u— tf*fc < fc*a*a>m»-c»Bffl3i««3^» 
j$) s*Lfcta>-ei*tt<, SBaa««^»%?KiRf= 

•fcy»«a?*ifcC4:*«i« ! r*. &%?R«ll=J:«*B 
flLS««a>BAtt. «ittf. RR¥*±R**RR«K 

I66i (2000*4^) Ol7 2l-g7 3lO 

rt°=3f^/\°;ux b— ifiz j: « 5/ y =3 ><7>JtaxftttSffiJ 
lc|BR4*LTl**. 

[0 0 4 5] ftfc. y'J n>^x/\fi, )8lllAifBtt$ 

y =i >^ xy \<oas t £ z t 

xwaifticajA^in^ttft-iiiz^yafi-r^a^tfc 

*o 8llfflii«^bi/U3>'>xMOSIi:J 
®{ciijtiA<g^(z^St-€>^li. -S*B«WB<bLfc 

bic^ &nti^ttjtr «B*&tf sb^ & if nib-r 

2 tz^-T <fe 5 f=Wfflfca>^»B«iS««3&<^S*L-S„ 
»]x»a«ia)rtfflrc»Bfflai««*^ffi-r4a*, WBf 

[0046] ( 3 ) ttKBtttfOff VftftB*®** 
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u— -tf&SJraifctJM* («^.«**^x) (Drtftiziiiftja 
^^■^T, JKttjSfzfclt««3KiKjb<l x 1 o» (W/c 
m2) m±T?J&*0/<JUX*Brt< 1 nsJaT(7)^Trgs|^-r^ 0 

/<;ux«*S»tji< Lt, *%?ftJK€»xttfetta) 
rtSIHzjgz £*^»iftfz*ax*;u:F-j&<» 

ffift£{b« tiB<b3U*^fift«®*ttntttt&K4b*< 

EttLtlt Wictf 1 x i o 1 2 (W/cm2) T*fe^ 0 
;UX*I(i^J^lilnsiaTA<»*L<. 1psiaT*<£bfz 10 
»*Ll\, *jfc?aJKr=*«Bff*KfcBl*a>B£tt. 
m?L\is *4 2@U— »f«aOXW3E*liXIII (199 7 

iifl) (Ogi o i 1 way r^xA h«? 

[0 0 4 7] Ja-tO)J:5f3*3ltt^lSfrcfe*L« % 
Sir*. /<;i,xu— ifAa>«yiSL«»«a>**s?-v>/<;u 

xu— tf*o)**jfi©*»«»»a*o****B«^ 

&c£i=<t:y % 1 /^ux<D/<;uxu— »f3fe-e^**i4 20 
asx*«> h <t <fc<7> 1 /<;ux0>/\Mux u— tf 
*i5&BX2^;/ h£©EB**J»LTl*4o -3*yRy 

* ^ ^ *««*«izRB-r &. 

[OO 4 8] /^UXU— tf^fcOByiSLBiftlft^f (H 
2) % jtaXWS^tDXWXT— ^XliYttX^— i?0)^Bi 
ilg£v (mm/sec) <h^-£ 0 Z*i bOXf- £?<D&K)3 

Trfe^So /\°JUXU— 1f;fc<Z) 1 *>3 *7 KT«^tl^)^7 30 

^-<>5a)mia**fcfcyic^ffi**L*^^^^x*^ 

n=f/v 

*ffi*S*fcyiz»J**:fc**^**X#v h<Z>Sfcn<7) 
P= 1 /n 

[0049] <fcot, /uxi/- tf»o)i»yiBLBaa 

^p**j»r«-4:3&«T?#«. -r«pb*. ttyxLBat 
BSf (Hz) *x*<-r*ct^XT— 5?a>»MaB*v 

(mm/sec) < "T £ Z £ |z£ y , fcf«y?-pS/J\* < 

ait^c &iz % «yiBLB&tt£f <hz> 

t*:i^f-5©M«$v (mm/sec) 

-r^z^iz^y. e^p£x#<#j»T?*4. 

[0050] <tZ5T% e^fpt«l«*S7-r>5* 

fiif=i3i+«*7**x#* ha>^&d£(DH«i±Hi 4 
-si 6iz^-r=iay*<&^ e hi 4 -hi eit* *n 
S£JfcfIliz&£ u— wnxizj: y >? ^ ^ *ra«a<JBjas*t so 



"C&^o O^vOTsiRv h9 Olil /tJUX4)/{JUXU— 
1f*-e^fiK**L*o »0*77«^#9 K 9 Otf^lff 

y. $^v$«*9*«»j*aF*i*. 

[005 1] @14lt e^^p*<^5Sdcfcy**^*^ 

oT»X»«tta)WfflfzBf«Mfz^rt**LTL^o H1 
5fi, e*;/^pj&<^Sd£K*Ll*»A£*LTl*4 0 £ 

^ 9 tefflKr^ffi 7-<>5i:^o rinxatttta) 

rt»fzilttlz»fiE**LXL^. Hi 6fi. tf^prt^f 
Sd cfc y /h S LT l*4o <7 ^ 9 1*^0 

»*£^^>5(zjttoTJDXS*ft«ia)rtffllz31JSMfz^ 

[0 0 5 2] HI 1 4fC«fc*Ltf % $^<y*«B9jMS0Br* 
£7 > 5 |l»o -ca« L t L^«CL^1», «HrW7-r 

IfjDXjlTaiZjllPXS^O^ieTXg^fTaiS^. 

iDxs*a«ia)y» Ku >wsatftSo hi satfa 

1 6fz«fe*Ltf. ^T^^ffllO^fflBff^JE^-OSfzjft 
-3Ta<SWlz^fiE**LTl^0>-e. *7-y^«H9*fi 

£<t Lfcinix*rfttta>«tt3&<ea^tt«»o 

[OO 5 3] Hi 4lz<fcHl£t°-/^pA<^;£dcfcy?v#< 
SttTfiy. Hi 5l=*:W«v*p**flWJt»»L< 
2*lTl^0>T% /^UXU— tf3fcO>B»lzJ:y^^-lR 

jaa)*i:«««3^Riz»***tfc^7v^x#^ h9 o 

<D-^acDtf6o#*/JxS<-r*^i:*<-r?#« 0 -T3St> 

**iB#lz < fc*Lfi % /<juxu— ifftoBWlZcky* 
^qRilX^^i:^^7!)<Klz^j$^ttfc^^^^X^ 0 ^ 
K90fcB3Ei:*i % c®ttttlc»j£d;h.&*7y9X7f« 

JDX*r*^l$«JBT^^^^>|z^^T«ffifz«l»f 
?«a«<BB£:tty« *fc. «D»Ha>™tt*B<* 
£0 Hi 4WH1 5fzj;*ni % ^^^^xtK^ ho^l" 

oTJnx»jHfcSiiBfzfflKr«-fc3&«-e*. ^o. « 
Bfffi^sFfifz-r * z fc3We*4. 
[00 5 4] isil±itt0^LfcJ:5fz. *SIJ6^J|lz«fe4x 
fi. /n°;ux if AcDffl y iS LH»»0)*# $ */<^x 
tfftflDBiltjS^fl^M^BaBfl)** * * P6S^-4 
Zt»zj:y, e^^p$»JWT*Ci:3b<t?*«o Z^Lfz 
^PX^^0)Jl^^M^^%ItLTt o ^^p^ 

*x.*cfciz«fcy % ai»*ii:«i:fci/- ynxmm 

[0 0 5 5] ft*5 % tr^^p<D*J»3b<-e#4^i:fzoL^ 
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f*-r-ci=»«**Lfc*ii»a3ax7Ky nwaarMfcx* 
a>a% A t *HLM=a*«r=i«*'tfr«Ji«'e * * 

[0 0 5 6] *f= % **lt»»=««u— ymxSEBfz 10 
oivcRWT*. Hi 7fiC(DU— ifipx^si ooo 
«K«jaEia-T?fc«o u— if apxigB 1 o o \t % \s—*f% 

L*flB*f4U— Wtail O 1 if*L(DttS*^y< 
yux*s^^llg|]^4fc^[cu-if^31i o 1 
U— tTAWMWffl 1 O 2 U— tP3fcL0)J£|*#lfl££*r 
L36>OLx— if3feL0^ttO)Io|^$ 9 0° Sx£cfc-5fzIE 

^57-103 t^M^nfc u-if ftL£J6ft-r ££1* 

05^ IifcfflL/>Xl O 5-e^t£*L7cU 
— if*L3&<H»s*i4SPX»a«B 1 *><®BS*L£StM^ 20 

io7t % il^ 1 0 7*xtt*iaifz»iiis-i±4fc«>a)x 
lixf-i^ 109^ li^ i o 7 ^xia^fa]icjB^-r 

Sit^fctoOZWXT— 5>1 1 3 ZftbHOCDX^r 
— V 1 0 9.111.11 3(D^i$$M5Xf-va 

fflffii i 5 

[00 5 7] U— if 3fe2l 1 0 1 U— if 3fc£fS£ 

^-4Nd:YAGU— ifT*fe4o U— if 1 O 1 [z/BUx£ d 
£*<-^£U-if£ LT. C<Dffe % Nd:YV04U— ifA^Nd: 30 
YLFU-if^^^>-9"^7^7U-if^fc4o f 
««"^»»«lS*«*»B£-r4»*. Nd:YAGU-if. N 
d:YV04 U-if. NdrYLFU— if *fflL^*0>A<»iB-eft«5o 
B««<t«*S»jSrt-*»^ ^$>i*:7W7U- 
if*ffll^4(0^»5iS-efc4o 

[0 0 5 8] u— ifftiHi O 1 l£QX-< ifirfc 
l)o ii 8 (i. U— ifjfciH 1 o 1 |z«?c. <b*L4QX-< *v 
^U-if(0MEBS«^glT*fc4o QX-Y v^L>— iff*. Rff 
Sr^Pra^tSftTlBM^tlTcS^— 5 1 . 5 3 5^ — 

3<hC0F H 1(zEB**LtcU— ifKHS 5 40 
u^ifaK5 5lzHijB/l©A**»x.«Hije»5 

7, l>— if*£K 5 5 «h=7-5 1 tOffilZ^mZthtzQ 
^^59^ ^{i^4 0 U-ifttJt5 5 0)»»li« 
^I^Nd:YAG-efc4o 

[0 0 5 9] QX^y^5 9£*JfflLT*fi*<Dt»5fe* 
^< LfcttI8"eI!)fi26 5 7^&lfiAA* U-if&S5 
5izjjp;t&c<tiz£y, u-ifssas 5 0)SiK»fliSBf 

■c*a*©*ffe*«< Lfcttffifz-rftctfz.fcy. 

**ifcx*yVF— £B*B$lzf|g£i±/<;ux U— ifjfcL£ 50 



u-if*a«i»«i o 2fr&a>ffl»s («t 
^.«asa/<;uxo>ay 5gLfflift»a)^b) fz£ yox 

>T ^5 9A<KL>ttffllztt«J:5lz«iJ»i*L4. £ o 
T. U— if5fe^«iJI8lSBl O 2^t><7)«-^SlZ«fcy % u— 
if*«1 O 1 A^6ffl»**L4/^UXU— if3feL(D«yiS 
UB«ft*Ha**cfc#-e#« 0 u— if i 

0 2 36<BaftBtt#Sfl>-«i«p« o fltjSLflitltO) 

u-if*ox8«o>«ff**«-cttwr**»«l 

2 7ic*-?p-K**ffl^T*yiBL«ia*a>* 
#**A*-r«wfciz«fcy«ciF*L«o isi±36<u-if3ta 

1 O 1 OPSfflT'fe^o 

[0 0 6 0] U-ifjDX*, *PX»fttt 1 ^Xtt^fl^Y 
ttTDlRllz^BjS-iJr^CitlZcfcy, MfS7^>i:;tto 
T*Jl««*»a-r«. J:ot, #J*tf. XfA^iajIzifc 
Jl1B*t»*"r«»# % X^f-v1 0 9 

SHffTictjZcfcy. /<;uxu— if3te<oill3fcjSa)*» 
f=a«««s»flt-r*»$. Yixf-91 1 ia)»n 

afi*B»-r4CtfzJ:y % y^XU- if*a>**jS0) 

s?a>»Mfl[a>BMif±XT— 1 i siz^y 

W^h^o XT--S>M»ffli 1 5fij£jgBgff^lS:a)-- 

iiJS(7)Bi5ii. u— ifupx*«a>»<t#3^afc 

K<&*£S£A*^£C£fz£yfcS*i& 0 fcifc, 

[o o e i ] z«i*ifiifittix»ft«i i (omm 3 tits-r 
**iR]tta>-e. ttxwfttti fzA»"T4u— if*L(Z>« 

*rfinz»Bi*ii--5ctfz«ky. apx*r»«ii owfflizu 
-if3tL<0S3fcjSP^#t)1±Sci:*<-e#^ o *fc. :0 

**jSPa>x(Y)«*raa>»im, upxasttti *x(Y)tt 
xt-vio9 (iii) i=*yx(Y)N*niziHh£i* 
^>z<t(z^y^T5o x(Y)$^xt— vi 09 d 1 D a< 

[o o e 2] $^u>Xi o 5ii**^Sa>-«-efc 

£ e Z«Xf-y1 1 3I±U— ifft(D«ftjS£ax»ft 
aO)rtffllz^t3-B-4^S<D-«-Cfc*o ^fflU>Xl 
0 5*Z*li*fillz»«|*-&4CtlzJ:-3-Ct,, U— if* 

a>»*jg* ftjx*fftifta>rttt«z*t3-ar* c A<-e#4. 

[0 0 6 3] L>— if^PX^Sl OOfi^i^lZ. 11^1 

0 7iz«EBs*Lfc»jx»a«ii *pra*iiiz*yiBwr 

^p-Y^^S^— 1 0 3MIMI/>X1 05iHC 
*«l±lcE»S*Lfcpia«:ffla>tf— AX^U 1 1 9 
*m7L*>o t-AX7°'J'^ 1 1 9<!:ft*fflU>X 

1 O Qkomztr-ftn* 5^— i 0 3A<E»S*l 

TL^^ 0 1 1 9f4. RTaft«0!>»*» 
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lei y o>*»*aai-r rt«*i» 
o*i6o)[p]#^ 9 o° g^^ofzisg^tL-ri^o a 

A<£V 9P-f^*55- 1 0 3Mi3til/>Xl 0 5 

[0064] u— -Wraxggi ooi4*t>iz % t-Ax 

^U^* 1 19. ^^P-T»^57-1 0 3XtfI* 
fflU>Xl 0 5i:Bli:*«±l=lB«*4tfca«** 1 2 10 
l8«IS*b>Xl 2 3^^) 0 2UL 
T It I* CCD (char ge-coup led dev i ce) * =j 1$ & « 

S»*l*. »*ffli^>Xl 05. ^{7P^'^57- 
10 3. If— AX?'J^ 1 1 9S3KBU jg«U>X 

i 2 3-e8«**iti«I^i 2 i -ca«**u a«^ 

[0065] l/—- trmxasB 1 001*2 t>fz. m&m* 
zmm&i 2 5 u-+fjioigii oo^ft^»j«t 20 

«£{*fl«Pffi1 2 7<b. -E-^ 129^ £<f7L* 0 « 
^OHttl 2 5f*. I«f-***CLta*ffl 
*3S1 1 7T*^LfcPTS*C7)S^^a®3±IC^1± 

LTXf-^Sl 1 5 2><Z$f&X^— ^1 1 3&&®) 

lz^-£ 0 J;ot, fflSflil 2 5 h?* 

G>iM«7 J -$£3tirr£o ca>«aT— 5u±*i*MlMii 30 
1 2 7fz£t>*t. ±ttWW»^#««3*<tt**u ^E- 

$ 1 2 9fC&£>;h.£ 0 Z*llZ«fcy. -E- ^ 1 2 9fz&* 

[ O O 6 6 ] ^ft«J»ffi 1 2 7 fZfi. X^- VUVm 1 
1 5 4^6fl!>T— ti&TT— 9ffiSfli1 2 5fr&G>iMt 

aitwan 02. 1 i&xtxT— v%m® 

1 1 5 SctfZcfcy. Wrax36«i ooi 

hatMt^o 40 
[ 0 O 6 7 ] El 1 9 (*±{*fSfJ«Pffi 1 2 7 

SSt^P^^HTfftSo ±*»J«ffli 2 7 l*EKat!E 

ffil 4 1 . ^-£E*ffl 1 4 3 atfUflfc^fiEffl 145« 

Enatjrai 4 Kef*, /^b-^oayi 
L«a»a>*#*aixx^-5;i 09. 1 1 lawwt 

«0>a##tf*-#— K**JBi*TfT?. 

[OO 6 8] EKSSgSM 4 lfi±i*Lfc5t (n=f/v. 
p=1/n) *spJfflLT«y#5aKX7K'y hMflOEK 

(fcf**> EttatJKtti 4 1 l±. ZCSEIf 50 



•X— ^ $^E — £ 1 2 9 (z££ 0 C*UC«fc y . =E-$ 1 2 

[0069] zfloEiB-T— 1 ^aaMfftMn 45 

fzta&*i*« -=taE«ffli 4 3fz(i^^ccou— if An 
iife*«**i4*lx#^ h©-+tt#E«*4vci* 
*o ®«f*fitffli 4 5f*. za>EgfT-*£^;£f£1tSfl 
1 4 3lzSfi*3Ktc^(Z)T ? — ^<t^afZLT. ZCDE 

J&L^E-$ 1 2 9(Z&£ 0 Z+LlZ^y % =E-5 1 2 9fZ 

[00 70] E«mmi 4 (n=t/v, p= 1 / 

n) £fiJJBLT&f|X7K-/ HBa>E«ttaKLrL^«3W 
fta>£?f=LTt*U*. **\ aUSLEMkO)*** 

ixf-vio9, 1 1 ia>«nxa^acitx7K«y hn 

©ffiJB^^HftS^ftSIJLfcx— ^*f**L. Z<7> 
i^— ^U©-?— **E«t;U««Bl 4 1 I=E«S1±*. Wk 

yiBLWsftaflo^ssatfx^— 09. 1 1 10^ 

Ma*©**Stfe«3IJMPl 4 i lzA*£;h,£Z<tlz 
EttMFtti 4 1 (±±Et~ ^U0)*A^t>z:*Lt> 
<D*#*0)ftfr-e^fiEaF*L«3l»X*^ Mz*5(*4QMt 
X#* HBO)E«ltR*ai-r. 
[007 1] fcfc. ayiELH«ft(D*#*SHSLX 

x-t— S £■£ L* U X LflsftSM) 
LTtJil*. = *L&0>**tElBai*tt 

1 4 1 izfclATi&LfciC^-x— ^U^ffl^^ztizj: 
y. **X#* hBflCDElI^ajMMtoEaS^* 1 

2 9fzg^^-ti:^»t-^(7)«aS^fi5o 

[ O O 7 2 ] ia±0) £ 5 IZH 1 9 fZ3j*-r±(*»J»ffi 1 2 

7^iai«iLia»a)***Wf-e?a)»Mjia) 

^^iSLt^^o i*y«5a*x#* hfliia>»M 
o>e»£a*u ayiSLHsfttt©***^^— 

[007 3] H 2 0 l±±(**J»gP 1 2 7 (DiteOMO)— 

»**-T^p^^H-eft*o ^#««J^iSl5i 2 7(iji5^Sft 

9I*«1 4 7^ii^^ 0 tfttX»«0)aft*tt*- 

*— K»izcfcy«a»a»*i 4 7fzj»y«3ajix# 

f* % linx»*HBa)j»***tii***aLT*ft**t*. 
z©A*iz*yHaaai»«i 4 7ii±Ea^-^u 

^«a;^»aJ 1 4 7 l*;H$f:*;h,fcr-S * U-if *;1ft«J 

0 2izi2i^ o za>«aaa)*#*iziMB**LfcL/ 

— tfftixSStl-eaxsa** u— tfirax-r * z t izj: 
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1 2 9lz&&P>ti % Z<Dm&8l<DX2l!tfm7n£tiZ>o 
[0 0 7 4] M2 1 li£{*$M9a$ 1 2 7 0ibl:WJ 
CD-gp^^^-T^P^^g!T*fc-5)o ±#ftH3pail 2 7fi 

*x£ 0 C^A^ilz^yiiJg^aJi 4 9 (i-tffixt^- 
Z?)\,&mizLT. ^<D&mo>XZ£ kUZ>t z #><D*T- 

Stfe^o 31S;HSaJi 4 9f±;1iJ?£;h*:T-*£x^ 

<DX££(Dt—$(±=E-$ 1 2 9[z£i£P>;ft % ZOXf 
[O O 7 5] El 2 2 (i±i*fiJ^JgP 1 2 7(7)2 £ fzffe<7)0l] 
H^tliail 5Ui^^ 0 i2 0Mg!2 1(D 20 

5 1 CAWSo mfr&ttmWtt 1 5 1 fi±fB^^ 

[o o 7 6] Sfi^^>i±;1IS:aJ 1 5 1 li^S^tifc^- 
^^u-+f»Mi 0 2&tj:x^-v$WSBi 1 5 

mte%io)*££ ttez&oiz 1 o 1 *mm-? 30 

Jt^^^ir^^^olc^f-vl 09, 1 1 1 $H0 
tTiPX-r4ztlcJ:y % Kiy<&5S*ftX**:/ 

[0 0 7 7] 01 7Rlfm2. 3^ffilNX. *5I!£ 

J^ffifzft* u— tf HnxK«*ffli^ = u— i«idx*£*h 40 

0J-r^)o ^2 3 1*. C(DU— ^iDX^a^KWr-Sfctt 

[00 7 s] «\ mi»»»ia>**iK»tt*H«L 

-r« (si 01) o »c »x»jfctti o>«**ai£-r 
t\ lrax»ft«ai(DZtt^isia>»»«**£^rs (Si o so 



ao)»«i*-cft*. ca>«ns£±(**iHfln 2 7fzA 

[00 7 9] ftlX*fft«l 1 £ \s—>f1)UJL&m 1 O O <DK 
0 7lz«g-r^>o f Lt, «Sfflft2g1 1 7A>t> 

Ria3te****-frTaDx»jWfti tBBffl-r* (si o 
5) o H***ifc«i»T3e^-r>5Sdt;iDx»at«Bi 
(oaB3$ii«^i 2 i f=«fcyjMM-«. zom&r 

-*l*^«T~*ffi3I^1 2 5fZj££;K£ 0 -OffiiftT 
1 7 0)^^©«jS3W*ffi3lZtt«^«J:5a«J«-r-- 

*£3Urr* (Si o 7) 0 

[0 0 8 0] Z0)jKjfl-r— ^l±Xf- V$M9«B1 1 5|Z 
i££>*l£ 0 X^— SJtMBfflll 1 5(±. C(7)m,£^-*£ 
SlzLTZfiX^-^l 1 3SZtt*fpKD»»*-frS (S 

loo), c*ii=*y. mfflftn 1 7a)Rr«*a>«i 
iS36«affi3iztt«-r«. «*-t-**m»i 25 

*f&«g i(D*® 3 <Dtt*iHfc-T— * -a>« 

*IIH£ir— £ f*±#:©Jfl)SB 1 2 7 ^LT^ 1 2 9 
Z*LfCj:y*-* 1 2 9fZ^J»f^S^>r>5 

[008 1 ] £<**Wg0 1 2 7 fzli^tf);*^ *y ^S 1 O 

3-c»ffi**Lfc»«*T*— ^*A*s*LTfey, 

Mf-^^f-vWl 1 5lZ&£*l£o Xf- 

s?*j»ffln 1 siizaHMMtT— $izs-3i>-c. u— * 
*La)«3ifejfl[Pa6«iiix»jw* 1 a>rt«ta*ffi«iz. ztt 
xt— s?i i 3rcj:yiBx»*»i ^z$6^fa]fz^iti2 

(S111) o 

[0 0 8 2] »|: % 1 /^l/XO/^l/XU— tF-ej^j$**t 

momm. o*ye^^ P ©*#**sts-r* (si i 

2) o e^^pi4»x»tt*ia>»*^»ii»*#itL 

^3J1 2 7|zA*t-3o 

[ o o 8 3 ] U— 9 s #S loi^b U— if 
*±S-frT. U— tf^L^jdPXMm^l a)S®3C0^IKr 
tt^<{>sizmM-?z> Q Is— if*L<3om*^Pf±iDX» 

»3J:3i=ax»fi*Bia>rt«=»*-r-s (si 1 

3) o fit, Jnx»**i >5(=»o 
Tflific^iccfcy. ipx»at«n sfflwr* (si i 
5) o cttiz^y. jnx»ftttii ^v'jziv^^^fz^ 

[oo8 4] «xik»aia)tt*«Kn a r«. -^rrj:^ 
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^>5fz8Mf LTL**„ fit, 0 9 

M1 <DrtSPIzfl2j£LTl^o *nx»fttta>«jHfr*ffi 
BrlzfiT63b^«jft36«*«i. ttx»**«it(tt»/h*3ti: 

iEjft4:LT«IW*£^-f >5f=»oTttX»fl«B1 $« 

az^izj; y , it«M/jx*a*-eapx»jfc«Bi *«iBf-r 
sc£A*-e#*o ctucfcy. inx#fi«ii a>a®3fc 

c £ ft < iPX»»«B 1 SflHrt4 = i*<"C*4. 
[0 0 8 5] *fc. **J6»«f=«fc*Ltf. UpxSMMJbi 

f=»*w*tiBc*-fr4ftft-e^ojiix»*»i o>n 

X»fttt1*2SiHU MX»*«Bia>«DB3-ef±y^UX 20 

3WKH-e«B 3 *<^lil|<7)$r> £ - i lift 

[0 0 8 6] JSl±iftBJL/=«fc5fc*||J6^fzJ:+Ltf. 
JfflX>tft1j| 1 CD*® 3 {Z-Wm^^J > 5 A* &*t>*Lfc^ 

C«&fl2h.*)Ml*<£ C £ - 1 ft < % 1)UJLKMlM 1 &® 

m-t&zttf-c^Zo cfcox, upx»aw*i3&««iLi<* 

««^4r->36<»***LT^«iPX»»HB^ EmtST 
0 x / \^>9tA«a>K3KttHAt» JS £ *Lfc cfc 

x»*1l^fflKr4zfcl=*yfMI*:h«il» («xtf 

[OO 8 7] *fc % **tt»«fzj:*ttf. joxsmmm 

*<"c*«. z*iiz*y, -«ta>inx»jWfci^&ff« 

[00 8 8] *SEJt»M=«fc*Ui. ADX^m^i 1 

<Z)«JKapxicu— tP^teSfflL^O-C. y-f^>K*^ 

* Sffli^fcy-r *>>2\fc y t»i*jtftiipx3&<pr«et 

«*tf. ■24l=«ir*5lt«K*B9^>5*qM|35t 

wt'feott,, *sejfi^fflf=**ttf«i»fipx3&<Rr«gt 

ft£ e Z*i6©a*tt*CIMt4«-CtB«-e*4. 50 



[oo8 9] *fc. *mMmmiz&tit£ % /\%xu-if 
*a)«ysLHat«o)*#*©BiiS^ xaix^— s>i 

0 9. YftX^r— v 1 1 1 tf>f£g]5££<&;*:££<Z)Ij|S5IZ 

*y. n*3snfflax7K^ kde«*«!»-c#*. m 
x^-^iz^y. a«fcj£i:fcjpx3&<Rr«6^ft*« 

[0 0 9 0] 

»x»*»o>aaif=***«»T3E^^^6^*ifcii 
*i#±i:*c:fctt<. mx»*iiB*«iwr«cfcA«-c* 

& e cfcoT, »X»jMfc*fflK-r*Zi:^J:yff«**L 
[0 09 1] tfJPX««IC«fc*ttf. 

jux \s—*f%0)Wk y £ LJ^;j£g&<7>;*£ S -£/<jux u— 9 s 

*y, »y*3*nx#* hm©B»*twp-c**. m 

x»*»a>aa*fl|[**f=J6i:T^©ffi«*KiL*c:t 

rzcfcy. Mx«ftttfcjKi:fc«iKaix3&<qr«gi:ft-6 0 

[0 0 9 2] u—ifaoxtt«iz € fe*ttf, IN 

A<T*f4o 

[0 0 9 3] IflPXftltlZcfetLtf, IR 

y * 5 OcKXtK^ HB<DJE«la> A2j lz*-3i>T/*;ux U 

-*f%o>m y x l jaaMRa>*# * ^\%x u— if *©» 

Rt*Rr M0>^^ * ic-T £ - £ tf"C # « 0 
l*Oto>(4ti^¥Iit*fe4o 

[H2] hi f^-rax»«»a)ii-ii«iiz»-3fc»fffi 

itfe4o 

[13] «S]ft]»flir=««u— ifjpxfz«fc^^— +fjjpx 

^(7)^PX^^!fe|C7>^®l|-efe^ 0 

[14] H3fz*-riPX»*»fl!)IV-IV»c»-3fc«rffi 
it'fe4 B 

[H5] H3lz^-rjpX»ft«B(DV-V«lz»ofc»fffiig 

[0 6] U—-!flnxrzJ:o-C«IK**L 
fc*PX*ffttt0)5fiffiH-Cfc«o 

[i7] ***»«rz««u— »fiinxizj3(+**j|L3i« 

[is] **K»«lfc**u— yjpxflDKixafzfcit 
41lPX»*tta)KffiH-e**o 

[19] *H16^96fc:-0|-&u— 9 s *PX(Dm2xafcfc!t 
41rax»jMfca>»®0-cfc£o 

[Hi o] **lfi»«ft«*u— y t jnxa>K3xafc*5 
f*«ttxttMfea>KHH-e&<&. 

[Hi 1] U— »fJ[lPX(7)«4Xafzfc 
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i+ ft ax MftLtyo mm m v & ft 0 

[0 1 2] *SHt»«fc«4U— « s »xfz < fcy«lK**i 

fc u =i > o i / \<t> -§& \z fc it * ©r® wis * a l m 

T*&ft 0 

[Hi 3] *l»Mi£aBicftft l,— Wraxrcfcitftu--* 

[Hi 4] *nifi^J8^fil4u— »fipxfz«fcy^5^^ 
«*3&«»«a?4ifcJnx»Jfc1fca>«IBr*S7-f >i^-otz 
Bftom 1 #J<D¥®H-efcft 0 

[Hi 5] *j6Jfi^JBf=«4U— IfJPXfCcfey^^^^ 
«**»«*Hfc»x»ft*<DfflK*ffi^^ >fc»ofc 
gp^om 2 0»JO>¥® H T* fe ft o 

[Hi 6] *HJ£^ffil^ftu— tfjpxiz.fey^^^^ 
^fcttX^jftlftO^IBR^S^-f >ic;0ofc 
gp^(Dm3^J(0^SHt:fefto 

[H1 7] *||J6^ffifc^ftU-ifJ!raxSaa)ttlBS«JS 
HT'fefto 

[His] *Hlfcfl2ffilzS<g> U— 1f»PXS«(0U— 9 s * 

[Hi 9] *mmrm\z&z>is--*fmjimm<D±i*ftm 

[H 2 0 ] *3iJ£J&ffif::<£ft U— if JjPXgS<D±{*©JSP 



10 



[121] *mi&i&mizm& u-if *pxg©a>±tt*jffli 

[02 2] *Hffi^H|[C^ft^-1fADXSg(D±*$iJffll 
SB<7>£ bf^^O)^]a)-aJ^^^-r^P^^HT*&fto 

[H2 3] *Sllfi^JBfz«ftu— tfJpx^lttK-rSfcto 
<z>:7p— h-efcfto 

[H2 4] **as»«fz«*u— tfjqxizcfcytoifnrffi 
>^!JiB^^ftfc^(7)j!inx^^^@H-efe 

fto 

[»*a>BMH 

1 ■ ■ - jDlMi, 3 - • ■ 5 • ■ ■ fflBr^S 

7>T>. 7 - ■ -ttKIML 9 - - - O^vOW^L. i 



1 

O • 
■* 

v. 



V'J =3 13" 

0=jvO*-#*j K 100 



101 ■■ ■ ls—V?tm. 1 O 5 ■ 
1 O 9 - - ■ XUXf-v, 111- 
1 1 3 • • - ZfflX^— v/ % 141 - 
SB. 1 4 3 - • ■ T|-7£Ifi<ta5, 14 5- 
20 SB. 1 4 7 - - ■ JS&»;1t*«|J. 1 4 9 
15 1--- «*^3btbTI*«, P ■ 
■ ■ ■ 9 v X tK »v h (7) tf v J- % d ■ ■ 
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U— +fflDX^ 

• - Beaut 
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